Eurasian otters (Lutra lutra) have been described in the literature as solitary, with the 2 sexes interacting only during mating. Data on otter sociality are rather scant, however, especially in Mediterranean regions, and the group formation documented in temperate zones has suggested some social plasticity. We investigated the sociospatial organization of a Mediterranean population of Eurasian otters by analyzing static and dynamic interactions among 15 individuals radiotracked during 3.5 years in Alentejo (southern Portugal). Contrary to what is described in the literature and expected for solitary animals, otter dyads showed positive interactions, with individuals associating more often than expected by chance. Moreover, otter movement patterns were correlated. Finally, otters shared diurnal resting sites more often than expected. Adult males and females with cubs overlapped spatially and temporally, even sharing resting sites when the males had no paternity. Nonrelated otter dyads of opposite sex overlapped home ranges and core areas. Ranges of males overlapped with those of 1-3 females, whereas dyads of the same sex exhibited almost no overlap, confirming the classic mustelid intrasexual territoriality and a polygynous mating system (nevertheless, suspicions of female polyandry arose). On average, overlap of home ranges was higher than that of home-range cores. Our results contradict several statements in the literature on European otter sociality and reproductive behavior. We conclude that Eurasian otters are more social than previously thought, adding further evidence that social behavior in solitary carnivores may reveal significant flexibility.
not allow predictive inferences based on the development of spatially explicit null models to test actual movement patterns of wild animals, as is the case of mechanistic home-range (e.g., Moorcroft and Lewis 2006; Horne et al. 2008 ) and movement (Patterson et al. 2008; Smouse et al. 2010 ) models. Nonetheless, emergent, new modeling techniques provide promising alternatives. Among these, Long and Nelson (2012) proposed a new metric for estimating dynamic interactions based on the similarity or dissimilarity among independent movement patterns of tracked individuals. And Miller (2012) created null models for independent individual movement using spatially explicit simulated data.
Spatial patterns also are intimately associated with the mating system (Clutton-Brock and Harvey 1978) , which is a distinct subset of interactions, being a crucial component of social systems . How opposite sexes of solitary carnivores interact prior to, during, and after mating, nevertheless, is another poorly described topic. Powell et al. (1997) and Mace and Waller (1997) have addressed temporal interactions among sexes in black and grizzly bears, respectively. Yet, for most Carnivora, research on reproductive behavior has concentrated on spatial overlap between the 2 sexes, neglecting the temporal dimension (e.g., Erlinge 1968; Melquist and Hornocker 1983; Kruuk and Moorhouse 1991; Waser et al. 1994; Genovesi et al. 1997; Ó Néill et al. 2009; Wehtje and Gompper 2011) . Thus, we know little regarding encounter rates between males and females, or if the movements of each sex, or of mating pairs, are related (and eventually, when, how, and for how long). Significantly, in the last 2 decades-since the 2 pioneering and most commonly cited studies of Powell (1979) and Sandell (1989) -the field of mating system and sociospatial organization of solitary carnivores has seen few significant advances.
Carnivore sociospatial organization is frequently assessed in relation to the availability of limiting resources or population density (e.g., Macdonald 1983; Powell et al. 1989; Sandell 1989; White 1992; Benson et al. 2006; Powell 2012; Schneider and Kappeler 2013) . Environmental changes, kinship, and reproductive competition also may play a role (Schneider and Kappeler 2013) . Increasing evidence, nevertheless, suggests that mammals' social behavior is highly (and individually) variable, not easily categorized, and even reversible, being molded by ecological, evolutionary, genetic, developmental, and social factors (Lott 1984 (Lott , 1991 Kappeler et al. 2013; Schradin 2013) . For what concerns carnivores, some apparently solitary ones actually have complex social organizations (Macdonald et al. 1987; White 1992; Waser et al. 1994; Gehrt and Fritzell 1998; Kays and Gittleman 2001; Wehtje and Gompper 2011; Lührs and Kappeler 2013) , leading some authors to consider social and solitary as the ends of a multidimensional continuum (Kruuk and Moorhouse 1991; Johnson et al. 2000) . Solitary behavior may, in reality, equate to limited direct interactions among conspecifics while simultaneously allowing for a complex social system (Gompper and Wayne 1996).
Space use by mustelids, the family within the Carnivora with the most diverse members (Wozencraft 1989) , is best described by the classic model of intrasexual territoriality (Powell 1979) , although even this model may vary substantially among individuals within and among species (Johnson et al. 2000) . Both subfamilies of Mustelidae, the Lutrinae and Mustelinae, display some form of true sociality (see reviews by Johnson et al. [2000] and Kruuk [2006] ). Eurasian otters (Lutra lutra) in north temperate zones display the classic mustelid model of intrasexual territoriality (Erlinge 1968; Powell 1979; Green et al. 1984; Ó Néill et al. 2009 ) and a polygynous mating system (Erlinge 1968; Kruuk 2006; Ó Néill et al. 2009 ). Eurasian otters have been described previously as solitary (Erlinge 1968; Green et al. 1984; Mason and Macdonald 1986; Macdonald and Mason 1990; Kruuk 1995 Kruuk , 2006 . Nevertheless, describing members of a species as solitary implies few social interactions and an absence of cooperative behavior (Sandell 1989) . Despite extensive past research on Eurasian otters, these assumptions have not been tested. The group range formation of otters described in the Shetland Islands (Kruuk and Moorhouse 1991; Kruuk 1995 Kruuk , 2006 , and secondarily in streams located in China (Hung et al. 2004 )-although because of the relatively short time period and lack of reporting on kinship, the latter study should be viewed with caution (see also Kruuk [2006] and Hájková et al. [2009] for other concerns on that study)-point out that the sociality of this species may be far from completely understood. Information regarding the social system of European otters indeed remains scant (Kruuk 2006; Ó Néill et al. 2009 ). In particular, analyses of dynamic interactions among Eurasian otter dyads are lacking, and no studies of otter sociospatial organization have been undertaken in Mediterranean areas.
We investigated the sociospatial organization of Eurasian otters in a Mediterranean environment by estimating the degree of spatiotemporal overlap among dyads of radiotracked individuals in southern Portugal. In assessing static interactions (Doncaster 1990) , we expected that spatial overlap would be restricted to individuals of the same sex as per the classic mustelid model of intrasexual territoriality (Powell 1979) ; within dyads of opposite sex, the proportion of home-range overlap would be higher for females than for males, as expected in a polygynous mating system (Sandell 1989) ; and the extent of home-range overlap would be greater than overlap of home-range cores (Kruuk and Moorhouse 1991) . In our analyses of dynamic interactions (Doncaster 1990) , we combined the use of the traditional, point-pattern, processbased method from Doncaster (1990) and 2 newer methods (Shirabe 2006 [not seen, cited in Long and Nelson 2012] ; Long and Nelson 2012) that assess potential correlations in movement patterns of simultaneously tracked individuals. We hypothesized that otters would not be located together more often than expected by chance, and that movements of multiple individuals would not be correlated, in keeping with Eurasian otters being described as solitary and territorial (Sandell 1989) . Finally, we investigated spatial and temporal overlap of individuals at the microhabitat level by examining use patterns of diurnal resting sites by neighboring individuals and by comparing the frequency with which otter dyads shared resting sites versus the probability of an individual using the site on its own. We expected no resting site sharing both inter-and intrasexually, based on the literature (Kruuk and Moorhouse 1991) .
MATERIALS AND METHODS
Study area.-We used a subsample of radiotracking data and information on relatedness and spatial distribution of genotyped individuals from an extensive project on Eurasian otter ecology (Quaglietta 2011) conducted from 2007 to 2010 in a 1,125-km 2 area in southern Portugal (Fig. 1) , where otters were widely distributed (Trindade et al. 1998) . The climate was typically Mediterranean, and around 600-700 mm of rainfall fell annually between October and April (2010, Centro de Geofísica deÉvora, www.cge.uevora.pt). The study area averaged 200 m above sea level, was mostly flat, and included an extensive water network of streams, ponds, and small reservoirs. The landscape is dominated by the ''montado,'' a traditional Mediterranean woodland, consisting of cork oak (Quercus suber) or holm oak (Quercus ilex), or both, stands combined with extensive agriculture, forestry, and livestock grazing. Most people lived in cities and small villages.
Animal capture and monitoring.-We livetrapped otters and implanted radiotransmitters (model 400/L, 95 g, 9.7 3 3.3 cm; Telonics Inc., Mesa, Arizona) in their peritoneal cavities. Handling followed that ofÓ Néill et al. (2007 Néill et al. ( , 2008 with minor modifications (Quaglietta 2011) , was approved by the Portuguese Institute for Nature and Biodiversity Conservation, and was in accordance with guidelines of the American Society of Mammalogists for the use of wild mammals in research (Sikes et al. 2011) . Quaglietta (2011) and Quaglietta et al. (2013) provided details on trapping, sampling criteria, DNA genotyping, and interindividual relatedness. Based on the relatedness coefficient R (Queller and Goodnight 1989), we distinguished kin relationships as unrelated (R , 0.25), half sibling (0.25 , R , 0.5), and parent-offspring or full sibling (R . 0.5). We estimated age based on tooth wear, body dimensions, and development of sexual characters. In addition, cementum annuli analysis (performed by the Norsk Institut for Naturforskning, Trondheim, Norway) of canines extracted from radiotracked individuals that died, and otter carcasses from other studies, provided us with additional material for age comparisons. We defined 3 age categories: cub ( 6-8 months), juvenile (8 months-2 years), and adult (! 2 years), similarly to Melquist and Hornocker (1983) . We determined sex by direct observation of external anatomy and by genetic analyses.
From June 2007 to October 2010, we radiotracked otters by triangulation using a Sika (Biotrack, Ltd., Wareham, United Kingdom) receiver and 3-and 6-element yagi antennas (Biotrack, Ltd.) from an average distance of roughly 200 m. We estimated our average radiolocation error to be 48.5 m 6 53.6 SD, by comparing the ''true'' position of a very-highfrequency radiotransmitter, previously hidden in different habitat types (see Quaglietta et al. 2012) , with that estimated by triangulation. In addition, during the day, when otters were mostly inactive (Quaglietta 2011) , we determined the exact location of their resting sites via homing. We collected single locations (fixes) in 36-h intervals and covered day and night with the same frequency. We took bearings no more than 15 min apart (Schmutz and White 1990 ). In addition, 1-4 times per animal per month we ran 4-to 36-h (X ¼ 9.4 6 5.8 SD) continuous monitoring sessions with fixes every 15 min (Durbin 1996) . We attempted to perform simultaneous continuous sessions for individuals with neighboring home ranges as often as possible. We included a single individual (GPS4_F) followed using global positioning system telemetry in (a minor part of) the static interactions analyses. Quaglietta et al. (2012) provided details on tag type and attachment.
Home-range estimation.-Home ranges are clearly more complex than previously conceived, and all the various analytical estimators fail to capture that complexity (Gautestad and Mysterud 1995; Powell 2000 Powell , 2012 Kernohan et al. 2001; Powell and Mitchell 2012) . Otters, which use mainly linear habitats, present an additional challenge, because conventional home-range estimators are known to overestimate the area truly utilized by them (Blundell et al. 2001 ). Most authors quantify otters' home ranges as linear stretches of rivers (e.g., Melquist and Hornocker 1983; Green et al. 1984; Kruuk 1995; Durbin 1996) . We followed the approach of Melquist and Hornocker (1983) . To assess homerange stability and the validity of our sampling, we tested for asymptotic range expansion (Harris et al. 1990 ). We considered a home range to be stable when it reached either its asymptote or ! 70% of its final estimate and did not vary with the inclusion of the successive 15 single fixes (equivalent to~14 days). This is a more conservative threshold than that (3 days) used byÓ Néill et al. (2009) . Home-range cores (hereafter ''cores'') were estimated using the deterministic method of core sections of 100 m in length (e.g., Kruuk and Moorhouse 1991; Durbin 1996) .
Social interactions.-We analyzed static interactions among dyads of radiotracked individuals of same and opposite sexes with neighboring home ranges (Kenward 2001; Kernohan et al. 2001) . We included 2 dyads, F13jM2 and F13jM4, despite F13 not being monitored in the same period as the 2 males, because we had evidence from field and molecular data of her coexistence with both males in different periods prior to her capture (Quaglietta 2011 ; see also ''Results''). In dyads with home-range overlap, we also computed the overlap of cores.
We computed static interactions in 4 different ways. First, for each individual we calculated the percentage of home-range and core overlap in a dyad as the ratio between the portion of the waterway network shared by the 2 animals and home-range or core extension of that individual. The overlap within a dyad is, therefore, individual-specific (Kernohan et al. 2001) . Then, because overlapping area may be a poor estimator of the importance of some home-range areas (Powell 2012) , we also calculated 3 indexes of utilization distribution overlap calculated using kernel estimator: the volume of the intersection (VI -Seidel 1992 [not seen, cited in Kernohan et al. 2001] ), Bhattacharyya's affinity (BA-Bhattacharyya 1943) , and a measure similar to Hurlbert's (1978) index of niche overlap (UDOI). Indexes were obtained using the function ''kerneloverlap'' of the adehabitat R package (Calenge 2006 ).
We quantified dynamic interactions for simultaneous locations of tagged animals (Doncaster 1990; Böhm et al. 2008 ) using Doncaster's (1990) nonparametric method, which evaluates if dynamic interactions among dyads of individuals are positive or negative (i.e., if there is a degree of reciprocal attractiveness or repulsion). For this, we compared the proportion of positive interactions in the observed simultaneous locations with the proportion of positive interactions in a set of simulated simultaneous locations obtained by permuting randomly all the locations coming from real simultaneous events of the dyad considered. Two fixes were considered simultaneous when we detected the 2 individuals within an interval of 1 h (Gorman et al. 2006 ). An interaction was classified as positive when the distance between 2 simultaneously located otters was 100 m, in keeping with the average radiolocation error and other studies on carnivore dynamic interactions (e.g., Cavalcanti and Gese 2009).
Because Doncaster's (1990) method only looks at the spatial distribution of animal locations, we also investigated similarity among 2 individuals' movement trajectories. For this, we used our continuous data to compute the correlation coefficient (Cr) of Shirabe (2006 [not seen, cited in Long and Nelson 2012] ) and the dynamic interaction (DI) index of Long and Nelson (2012) . These 2 indexes measure the degree of correlation in movement data represented as a path as opposed to as points (i.e., as n À 1 movement segments). The DI index also provides a measure of cohesiveness in 2 independent components of movement: direction (often termed azimuth) and speed. The interpretation of these indexes is similar to a typical correlation coefficient: Cr~À1 indicates correlated movements, whereas Cr~1 indicates negatively correlated movements (e.g., repulsion), and Cr~0 indicates random movement, with respect to the other individual. For these 2 indexes we used DI_Tools for R (Long and Nelson 2012) , which uses trajectories created by the adehabitat R package (Calenge 2006) . To investigate males' spacing patterns as a function of the distribution and movements of the females present within their ranges, we analyzed the temporal variation of the DI index computed on single fixes of 4 male-female dyads for which we had enough data (M2jF1, M2jF3, M5jF8, and M5jF13). Furthermore, we calculated the percentage of consecutive time spent together (i.e., at a 100-m distance) by otter dyads simultaneously tracked during continuous telemetry sessions. The latter was expressed as the number of hours (using 4 fixes as a proxy for 1 h) that animal A was located together with animal B over the total number of consecutive hours of their simultaneous monitoring. Finally, because we located otters sometimes in the same diurnal resting site, we performed a separate analysis considering only diurnal fixes, computing the frequency of the number of times each dyad was found in the same resting site over the total number of diurnal resting fixes in our data set of noncontinuous fixes. This frequency was compared with the Ip index (Powell 2012) , which represents the expected probability of 2 animals being in the same site if they were using the space independently from each other.
Statistical analyses.-We used t-tests to compare overlap areas between dyads of the same sex and dyads of opposite sex; overlap areas between females and males; and extent of home-range overlap compared to core overlap. We used a chisquare test (Minta 1992) to test for absence of positive dynamic interactions among simultaneously tracked pairs, comparing the proportion of positive simultaneous locations in the observed data set with the simulated (expected by chance) data set. We compared the observed frequency with which dyads shared resting sites with the frequency predicted by the Ip index using a 2-tailed Wilcoxon signed-rank test. Analyses were performed using R version 2.10.1 (R Development Core Team 2013).
RESULTS
Home-range and relatedness estimates.-During the 1,209 days of radiotracking, we collected 2,225 single fixes and performed 238 continuous sessions (mean duration ¼ 9.4 h 6 5.8 SD), which led to 8,220 additional locations (Table 1) . We needed on average 49 fixes to get stable home ranges (Supporting Information S1, DOI: 10.1644/13-MAMM-A-073. S1), roughly corresponding to 45 monitoring days. Of 16 otters with very-high-frequency transmitters, 14 (7 males and 7 females) provided data to estimate home ranges. We monitored these 14 animals for 401 days 6 244 SD (Table 1) . Twelve of these 14 otters had neighboring home ranges and all resided in the area represented by shaded polygon in Fig. 1 . According to the relatedness tests, juvenile males M5 and M8 were full siblings and the offspring of female F1 (Supporting Information S2, DOI: 10.1644/13-MAMM-A-073.S2). M1 appeared to be another direct descendant of F1 (Quaglietta et al. 2013 ; Supporting Information S2). Female F8 was the daughter of M3. Male M13 was the son of male M2 and female F13, and female F11 was the daughter of male M4 and female F13 (Supporting Information S2).
Static interactions.-The overlap indexes VI, BA, and UDOI each correlated with linear extent of river overlap (respectively, Spearman's Rank-Order Correlation Coefficient (Sro) ¼ 0.69, 0.75, 0.73; P ¼ 0.002, , 0.001, , 0.001; n ¼ 18). Therefore, we report mainly on the results of the linear method. Eight otter dyads of opposite sex (7 unrelated and 1 fatherdaughter pair) averaged 43% 6 19% SD home-range overlap, with the home ranges of male otters including the home ranges of 1-3 females (Figs. 2 and 3 ). Adult male M2 shared much of his home range with adult females F1, F3, and F13, and had at least 1 cub with F13 (Supporting Information S2; Figs. 2 and 3). Two months after M2's death, a young adult male (M4) was captured in the home range of M2, apparently having moved into the empty territory. Subsequently, M4's home range overlapped extensively with those of adult females F3 and F13 (Figs. 2 and 3) , and M4 had at least 1 cub with F13 (Supporting Information S2). Male M5, 1st captured as a juvenile, dispersed and thereafter overlapped with females F8 and F13 (Fig. 2) .
Otter dyads of opposite sex averaged 20% 6 16% SD overlap of cores, significantly less overlap than of home ranges (t ¼ 3.4, P ¼ 0.004, n ¼ 16; Fig. 2 ). Home-range overlap was higher for females with males (51% 6 22%) than it was for males with females (34% 6 11%), although this pattern was only nearly significant (t ¼ 2.0, P ¼ 0.07, n ¼ 8), whereas the 2 sexes did not differ significantly in overlap of their home-range cores. The 10 dyads of the same sex (5 of home ranges were separated by buffer areas (Fig. 3) , in which no untagged otters were known to exist (Fig. 3) . The difference in average home-range overlap of opposite-and same-sex dyads was significant, irrespective of the method applied for the overlap computation (linear: t ¼À6.8, P , 0.0001; VI: t ¼ À2.7, P ¼ 0.017; BA: t ¼À3.7, P ¼ 0.002; UDOI: t ¼À2.8, P ¼ 0.013).
Dynamic interactions.-Dynamic interactions were analyzed for a pair of full-sibling males (M5jM8) and 5 unrelated adult male-female dyads (M2jF1, M2jF3, M4jF3, M5jF8, and M5jF13). Doncaster's (1990) method applied to single fixes showed positive interaction in almost all otter dyads, with individuals associated within their related pairs more often than expected by chance (Table 2) . Exceptions were dyad M2jF3, for which only a small number (n ¼ 22) of observed simultaneous locations was available (but they still showed more observed positive interactions than the simulated ones [ Table 2 ]), and dyad M5jF13, which formed during M5's dispersal and therefore covered a limited time period. Additionally, although the data were too limited to be included in the analysis, juvenile male M3 was occasionally located together with unrelated female F1. The significant positive association between M5 and M8 mainly refers to the period when the 2 otters shared their natal home range. After May 2009, when M8 started its dispersal (see Quaglietta et al. 2013) with only rare and short revisits to its natal range and M5 was still residing there, the positive association was not significant ( Table 2) . Visualization of temporal variation of DI computed on single fixes of male M2 in relation to females F1 and F3 (Fig. 4a) , and of male M5 in relation to females F8 and F13 (Fig. 4b) suggest a periodicity in the spatial behavior of these 2 males, each of which appeared to divide his time almost equally among the 2 females whose ranges they encompassed. Positive associations were not concentrated in any specific period of the year.
Movement trajectories of the individuals in dyads M2jF1, M4jF3, and M5jM8 were correlated (the latter especially prior to M8's dispersal). Their Cr and DI indexes (Table 2) were in fact relatively high, revealing high cohesiveness in their movements (Long and Nelson 2012) . Moreover, dyads M2jF1, M4jF3, and M5jM8 spent a considerable amount of consecutive time together during the consecutive, simultaneous continuous sessions (X ¼ 1 of 3.11 h, or 32% of the time; SD ¼ 1.27 h; n ¼ 20). We located females together with only 1 adult (or adult-size) unrelated male at a time. Individuals of the same sex with adjacent home ranges, and monitored in the same period (M2jM1, M2jM3, M3jM4, F5jF6, F8jF13, F3jF13, and F4jGPS4_F) were never located together, except M2 and M3, which were once a few hundred meters from each other when the latter was juvenile. Otters monitored simultaneously during the day (M2jF1, M2jF3, and M5jM8) shared the same resting site (20 of 139 possible times). M9 shared resting sites with an untagged female. The frequency with which dyads were located in the same diurnal resting site was higher than that predicted by the Ip (Wilcoxon 2-tailed signed-ranks test: Z ¼À2.04, P ¼ 0.04, r ¼ 0.62). Following M8's dispersal in May 2009, the 2 male siblings still shared a resting site on 3 different occasions. Adult male M2 shared the same resting site with female F1 and her cubs, even though M2 had not sired the cubs. Resting site sharing between an adult male and a female with 1 or more cubs (for which paternity was unknown) was observed on 3 other occasions (M2 and M4 each shared resting sites with F3 and untagged cubs in different periods, and M9 shared a resting site with an untagged female and 2 cubs). Adult male M9 intensively used those portions of his home range that overlapped with an unmarked female's home range. This female gave birth to a male cub (M11) not related to M9 (Supporting Information S2).
DISCUSSION
Knowledge on Eurasian otters' social organization and mating system is scarce and limited to north temperate zones, where otters have been reported to behave according to the classic mustelid model of intrasexual territoriality (Erlinge 1968; Powell 1979; Green et al. 1984; Ó Néill et al. 2009 ), and to have a polygynous mating system (Erlinge 1968; Kruuk 2006; Ó Néill et al. 2009) . Our static interaction results demonstrated that this Mediterranean otter population also adheres to the model of intrasexual territoriality (Powell 1979 ). According to socioecological theory (cf. , such findings suggest that Mediterranean otters exhibit a polygynous mating system. Further support is provided by the male-biased dispersal (documented in the same area [see Quaglietta et al. 2013] ), because the latter is more frequently found in polygynous systems (Greenwood 1980; Dobson 1982) . Our static interactions analyses thus corroborate evidence previously collected for temperate areas.
Eurasian otters were previously assumed to be solitary, which would be coherent with their territoriality and mating system. However, we highlight that basic assumptions of the definition ''solitary'' were not rigorously verified in this species (see the introduction). Indeed, deviations from solitariness already stem from the group formation documented in Shetlands (Scotland) and Kinmen (China- Kruuk and Moorhouse 1991; Kruuk 1995 Kruuk , 2006 Hung et al. 2004) , together with anecdotal observations made by Green et al. (1984) , Jenkins (1980) , and Kruuk and Moorhouse (1991) of several otters sharing the same area (although information on kinship of these individuals was not available). Our dynamic interactions' results-combined with relatedness data-provide new, conclusive evidence that Eurasian otters may be more social than previously thought. As solitary, otters would be expected to exhibit a lack of synchronized activity among individuals (Sandell 1989; Schneider and Kappeler 2013) . Conversely, the high degrees of positive interactions and sharing of diurnal resting sites we observed contradicted these assumptions, the latter especially considering the high availability of resting sites in the area (Quaglietta 2011) . Further, the single fixes' analysis, simultaneous continuous tracking, and correlation in the movement patterns displayed by otter dyads all demonstrated that otters spent much continuous time together, rather than merely converging to forage in patches with high density. Such findings show that Eurasian otters may not be always or everywhere entirely solitary. Such certain degree of sociality is in line with what has been described for other Lutrinae members. Compared with North American river otters (Lontra canadensis), which may show cooperation even within the same sex (Blundell et al. 2002; Gorman et al. 2006) , Eurasian otters could be less social (we were unable to verify if associated otters were cooperatively foraging).
As is becoming increasingly apparent, the complexity of carnivore social behavior renders application of binary definitions such as ''social'' or ''solitary'' overly simplistic (Kays and Gittleman 2001; Lü hrs and Kappeler 2013; Schneider and Kappeler 2013) . Rather, study designs must allow for a behavioral spectrum. Social organization is in fact known to vary both intra-and interspecifically in carnivores (see the introduction), being caused by intrinsic (i.e., genetic variation and developmental plasticity) and extrinsic (i.e., ecologically driven) factors (Schradin 2013). We hypothesize that either Eurasian otters so far often have been misclassified as solitary (because of the lack of appropriate techniques) or that they may show significant variation in their sociality, and suggest that the latter may be particularly related to ecological factors. In fact, despite that no other dynamic interaction analyses have been previously performed and thus no comparisons are possible, some of our unprecedented results point out differences with what has been previously observed on otter social and reproductive behavior in other localities (including those where otters exhibited group ranges).
In our study, individuals of opposite sex were tolerant of each other in important sections of their home ranges, such as feeding, resting, and rearing sites, contrasting with the literature on Eurasian otters. Even in the Shetlands, where otters have group ranges, for instance, adult otters were never seen using the same holt simultaneously (Kruuk and Moorhouse 1991) . In addition, males and females always were reported to spend time together only a few days before, during, and after mating (Erlinge 1968; Green et al. 1984; Kruuk 1995 Kruuk , 2006 , and females with cubs were notoriously described as territorial and aggressive toward adult males (Kruuk 1995 (Kruuk , 2006 , even when the males have fathered their cubs (Kruuk 2006:90) , because of infanticide risk (Simpson and Coxon 2000) . Surprisingly, instead, our resident male otters were not always the fathers of the cubs that resided in their territories, not even of cubs with which they shared resting sites, suggesting that females had multiple partners (which is common among carnivores [Creel and Macdonald 1995] , including mustelids [Yamaguchi et al. 2004] ).
The suspected polyandry and high correlation in movements and time spent together by otters of opposite sex revealed by this study question the universality of the association-at least in otters-between solitariness, polygyny, and intrasexual territoriality predicted by the socioecological theory (cf. Kappeler et al. 2013) . Eurasian otters could in part reflect some of the common patterns of solitary carnivores (i.e., intrasexual territoriality and polygyny), but in other aspects of their ecology (i.e., social organization and structure) they could be more variable (provided that previous studies describing the species as solitary were correct) or adaptable. We believe that possible explanations for the certain degree of sociality in Eurasian otters not predicted by socioecological models may lie in extrinsic factors, such as reproductive tactics (in their turn influenced by social organization), density, and environmental conditions.
Reproductive tactics are interrelated with social organization and structure in mammals . Infanticide risk (Ebensperger 1998) and female polyandry (known to occur in carnivores [Creel and Macdonald 1995] , including mustelids [Yamaguchi et al. 2004] ) are 2 of several factors that can influence such relationship Schneider and Kappeler 2013) . Because positive interactions among otters of opposite sex occurred irrespective of the time of the year and otter births in the study area were asynchronous (Quaglietta 2011), we hypothesize that the degree of association was related to reproduction. Social tolerance among opposite-sex dyads may have been further influenced by the high density of conspecifics in the study area (Quaglietta 2011) . In an area with high otter density, a strategy based on regular and intensive female guarding such as the one we observed would be beneficial for males in terms of individual fitness, allowing them to check females' reproductive status and maximize their paternal odds. In return, females would benefit from the regular presence of 1 or more purported fathers nearby, because this would afford protection from infanticide to their cubs while providing mating opportunities with other males. A low survival rate of cubs (see Cavalcanti and Gese 2009) , known to occur in this species (Kruuk 2006) , also could drive individuals to mate repeatedly and, thus, explain the frequency with which opposite-sex individuals were found together. Furthermore, a role may have been played by the Mediterranean climate of our study area. During the dry (summer) season, water becomes restricted to a few isolated pools or ponds and reservoirs (Ruiz-Olmo et al. 2007; Quaglietta 2011) . Because unpredictable environments (Schradin 2013) or resource availability might have a strong influence on social organization (Macdonald 1983; Wehtje and Gompper 2011) , we believe that water shortage could increase otters' tolerance to conspecifics and force them toward mutual exploitation of water areas-as evidenced by a unique event of an almost simultaneous sharing of 1 reservoir by 2 otter families (relationship unknown) recorded during a year of extreme drought (2005, Centro de Geofísica deÉvora, www. cge.uevora.pt; L. Quaglietta, pers. obs.) . This level of tolerance was not detected in successive years when more water was present. The restricted dispersal documented in the area by a companion study (Quaglietta et al. 2013 ) also may have favored sociality (cf. Creel and Macdonald 1995) . Finally, spending a high percentage of time together (or even in the same resting site) also could serve to increase pairs' intimacy, thus facilitating copulation. Anecdotal observations of Eurasian otter males offering food to females have been made (in Italy [L. Quaglietta, pers. obs.] , and in Scotland [H. Kruuk, Aberdeen University, pers. comm.] ), and allow hypothesizing a contribution by males to parental care. Although rarely considered, male parental care has been suggested in another mustelid species displaying intrasexual territoriality, the stone marten (Martes foina- Genovesi et al. 1997) .
This paper presented new results and discussed previous findings available from literature, introducing new hypotheses on otter social organization and mating system. Further ad hoc research on interactions of individuals in conjunction with dyadic movement patterns under a variety of environmental (e.g., Mediterranean versus temperate) and biological (e.g., high density versus low density) conditions are needed to better comprehend the otter social system, assess its intraspecific variation, and investigate the ultimate and proximate causes of sociality. New in-depth studies would allow us to examine the possible mechanisms by which otters may adapt to changing environments, providing more insights into the plasticity of sociospatial organization and reproductive strategies of otters and other ''solitary'' carnivores. Waiting for further specific studies, we tentatively propose that Eurasian otters could be hitherto better described as ''facultative, intersexually social'' carnivores. Finally, we highlight the utility of the approach used here of analyzing correlation in movement data as a trajectory as opposed to as points, and encourage further studies of this type on carnivore dyad or group movement patterns.
